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IFPRI report
Irrigation technology and commercialization of rice in the Gambia Effects on income and nutrition
Editor's note This study is part of a larger ongoing effort at IFPRI aimed at improving understanding of the effect of technological change and commercialization at the household level. Studies following a similar approach have been undertaken by IFPRI in Kenya, the Philippines, Rwanda, and Guatemala. Technological change in African agriculture is usually necessary, but not always sufficient, to achieve sustained increases in production. How can technical progress in a crop-and the resulting local growth in marketed surpluses of that crop (that is, the commercialization of traditional agriculture)-be designed and complemented so as to improve the chances of African countries to (1) raise the aggregate output of crops, and (2) reduce poverty, improve food consumption, and advance nutrition, especially among vulnerable pre-schoolers?
This study examines such questions in the setting of a major technical improvement in rice production in a West African country. It asks: To what extent does technical change raise production? Does such change encourage the diversion of labour from other activities into modern rice or into leisure as income rises? If extra production does materialize, does it increase income and consumption? If so, do the poor benefit from this? Does any such extra consumption affect adult and child nutrition? The links between production, income, consumption, and nutrition are explicitly established in the analysis.
The study focuses on a new rice-irrigation project involving about 7,500 farmers in the Gambia. The study site was selected because households could be traced during and after the introduction of new rice production technology (mechanical-pump irrigation and improved drainage for rain-fed and tidal irrigation).
The empirical research is based on a detailed sample survey of 900 farmers in ten villages. This sample included both participants and non-participants in the irrigation project and covered the four major ethnic groups of the area, thereby providing a fair degree of representativeness for a wider part of the West African region, especially major parts of Senegal and Guinea. Account is taken of the complexity of production-consumption relationships in the large households that are typical of the region.
Production in the project takes place under fully watercontrolled conditions (pump irrigation and drainage) that provide two crops per year, and also under partly water-controlled conditions (tidal irrigation or improved rain-fed cultivation and drainage) that provide only one crop (in the wet season). Wet season yields in the fully water-controlled perimeters were 6.6 metric tons per crop per hectare in 1984 but dropped to 5.2 tons in 1985.
In the same two periods, the partly water-controlled rice yielded 2.2 and 2.8 tons respectively. Traditional rain-fed rice (predominantly a women's crop grown in swamps) yielded 1.3 tons. Great variation in costs and net returns is observed between the technologies and between individual farmers using the same technology.
Average and marginal labour productivities are assessed in the context of the production system for the major crops. Average labour productivity (net returns per labour day) was highest for rice under pump irrigation (US$2.45), followed by coarse grains (US$1.50), groundnuts (US$1.45), rice in the partly water-controlled project fields (US$1.23), and traditional swamp rice (US$0.95).
Most farmers at the project location grow both irrigated rice and upland crops. The expansion of modern irrigation has pulled labour away from the upland crops, causing a loss of 531 calories in other crops for every 1,000 calories gained in rice production-a net gain of 47%.
Men's overall labour input into agriculture is reduced when the household has more land in the project. Women's labour input, on the other hand, remains more or less constant. Hired labour accounts for 25% of the work in the pump-irrigated plots. Since hired labour played only a marginal role in rice production before the project, this reflects an increased use of hired labour in rice as a phenomenon associated with commercialization.
There was a specific attempt in this programme to ensure access to project land by women, the traditional rice producers. Formal land titles for plots were given to female farmers. Yet the results were not as planned. Women continue to control 91% of traditional swamp rice fields, and even 77% of the partly water-controlled fields, but they control only 10% of the pump-irrigated plots.
Less of the new rice crop is sold for cash than was expected-12%% of total production from pump irrigation and 7% from partly water-controlled land. This compares with women's traditionally grown swamp rice, of which 21% is sold. This pattern of women selling relatively more than men is explained by the different institutional arrangements under which the crops are grown. The high-technology rice in the project has largely become a communal food crop for the common household pot under the compound head's control, while women's traditional rice is a mixed private crop (partly grown for cash) and communal food crop.
Protecting and enhancing women's productive role in agriculture is an important objective in itself. It is also important as an indirect path toward nutritional improvement. The study finds, however, that this objective cannot be enforced through bureaucratic means (formal land titles), which have little relevance in the field.
Average annual per capita income in the study area was US$116 in 1985/86; agricultural income contributed 77.5%. Rice production in the project contributed 43.0% of income to the bottom income quartile (income per adult equivalent) versus 26.0 %% to the top quartile. The poor households thus benefited relatively more than did the upper-income groups in the area. At the sample average, the rice in the project increased real incomes by 13.0% per household.
An additional 10.0% of income leads to a 9.4% increase in food expenditures and a 4.8% increase in calorie consumption. The seasonal fluctuation in per capita calorie consumption is a problem of the poor and not of the total rural population. In the bottom income quartile, calorie consumption was 15.0% lower in the wet (hungry) season than in the dry season, but it remained constant and, indeed, sufficient in the top quartile. In the wet season, 49.0% of households in the bottom quartile consumed less than 80% of calorie requirements; only 2.0% of the top quartile fell below that level.
In the wet season, 35% of children under five years of age and 52% of those aged one to two years were found to be underweight. Lack of food, unclean water, and infectious diseases are identified as important determinants of nutritional status in multivariate analyses. Mothers' nutrition and health are considerably affected by seasonal work stress.
Household-level calorie consumption is a determining factor for differences in the nutritional status of children in the study area. A 10.0% increase in calorie availability per capita increases the weight-forage indicator of nutritional status by 2.4% at sample means. This calorie elasticity of nutritional improvement is even higher in households with higher calorie deficiencies. To the extent that the new technology has increased household income, and thereby calorie consumption, and to the extent that mothers' seasonal stress has been reduced, the nutritional status of children and women has improved.
The study implies a set of policy conclusions for improved technology utilization, food security, and nutrition. A more broad-based policy and programme emphasis on improvements in rural infrastructure, agricultural input delivery systems, and labour-saving technology for the peak season is called for rather than a focus on a single crop.
Rice irrigation shows promising potential in the study area, but the issues of technology choice and project design are complex. Specific suggestions related to choice of rice-production technologies demonstrate opportunities for cutting costs in the respective technologies.
Measures are proposed to protect and enhance women's productive role in agriculture; for example, women's role as cash croppers and their lack of credit require more attention.
From a food-security perspective, a wide distribution of small irrigated rice plots is needed across households and village communities in the area to reduce the adverse effects of seasonality and consecutive drought years on consumption. However, such scattered distribution of the highly productive irrigated land results in fluctuating yields, since in years of good rainfall labour is allocated more heavily to upland farming, while in drought years labour shifts more to the irrigated fields. Thus, good rainfall years appear bad for production in irrigated farming surrounded by upland farming, with large yearto-year fluctuations of labour productivity. In the absence of a well-developed rural financial market, the food security benefit of scattered land distribution (rather than creation of larger specialized rice farms) should be an important consideration despite the instability it induces in irrigation projects and the related projectmanagement burdens.
Finally, the study suggests that efforts to solve the nutrition problem can be furthered through more effective rural health services and sanitation (that is, drinking water) at the community level. The interactions between food shortage and morbidity, which establish the high prevalence of malnutrition in this study area, cannot be dealt with effectively from the food supply side only. The nature of the nutrition problem requires a strong focus on women (mothers) rather than on young children alone.
